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Abstract 
At Kalpakkam, two units of Pressurized Heavy Water Reactors (PHWRs) with the installed capacity of 235 
MWe each are operating since 1985.  Apart from these reactors, other nuclear facilities such as FBTR, KARP, 
CWMF and WIP are also situated at Kalpakkam.  Due to operation and maintenance of PHWRs and other 
facilities, continuous low level liquid and gaseous wastes are generated and released into the environment after 
treatment and dilution. To assess the radiation dose received by the members of the public, if any, due to low 
level radioactive release, three environmental pathways through which radioactivity can reach man, were 
considered. During operational period for the last 25 years, regular environmental radioactivity measurement of 
reactor released radionuclides such as Cs -137, Sr-90 and H-3 was carried out up to 30 km radius from MAPS 
site.  Site specific meteorological data were also collected.  From the results, it is revealed that the Cs -137 and 
Sr-90 activity levels found in the environmental samples around Kalpakkam are comparable to th e global fallout 
activity levels. Hence dose due to Cs-137 and Sr-90 is negligible and not related to MAPS release. Only the 
mean internal dose due to tritium and computed external dose due to FPNG and Ar-41 were calculated and it 
was found that the mean annual dose received by a hypothetical man staying at 1.6 km fence post is always less 
than 2 to 3% of the AERB dose limit (1 mSv/year) of which Ar-41 contributes 97 to 98 %. At farther distances 
the radiation dose received are of low order and hence insignificant. 
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1. Introduction 
    At Kalpakkam, two units of Pressurized Heavy Water Reactors (PHWRs) with the installed capacity of 235 
MWe each are operating since 1985.  Apart from these reactors, other nuclear facilities such as FBTR, KARP, 
CWMF and WIP are also situated at Kalpakkam.  Due to operation and maintenance of PHWRs and other 
facilities, continuous low level liquid and gaseous wastes are generated and released into the environment after 
treatment and dilution. To assess the radiation dose received by the members of public, if any, due to continuous 
low level radioactivity release, environmental radiological monitoring around Kalpakkam was carried out for the 
last 25 years. From the radionuclides measurement data, radiation dose received  by a hypothetical man staying at 
1.6km fence post around MAPS was evaluated and described in this paper.  
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2. Materials and Methods 
2.1. Study area 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Kalpakkam Environment with major sampling stations. 
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Keeping MAPS stack as the centre and taking 30km as radius, the circular area lying around MAPS was divided 
into 16 sectors of 22.5o   each for monitoring purpose. Out of these 16 sectors, 7 sectors have fallen in the sea 
area, and 9 sectors have fallen in the land area. The circular area around MAPS up to a distance of 1.6 km is 
known as exclusion zone and it belongs to plant area. Beyond the exclusion zone, 4 different zones across the 9 
sectors were made i.e., 1.6 to 5.0 km, 5.0 to 10.0 km, 10 to 15 km, and 15 to 30 km around MAPS. From the 36 
segments formed by the intersection of 9 sectors and four zones, environmental samples were collected. 
Sampling locations were established in the land area based on population size, environmental usage, wind 
direction, sample availability and distance from MAPS as shown in Figure-1. 
2.2. Sampling and analysis 
    The first environmental pathway considered was internal dose due to Cs-137 and Sr-90 intake by the way of 
ingestion of aquatic and terrestrial food items. In this pathway air, water, cereals, vegetables, fish and milk 
samples were collected and analysed for Cs -137 and Sr-90 following standard analytical procedures  [1] and   
using low background gas flow GM counter. The results are given Table-1.The second environmental pathway 
considered was internal dose due to inhalation, ingestion and skin absorption of H-3. In this pathway mainly air 
& water samples were collected from different zones and analysed for tritium activity following standard 
analytical procedures [1] and using Liquid Scintillation Spectrometer. The results are given in Table-2.The third 
environmental pathway considered was external gamma dose from Fission Product Noble Gases (FPNGs) and 
Argon-41 due to stack release. In this pathway, using the site specific meteorological parameters and prevailing 
atmospheric dilution and dispersion at the site, external radiation dose due to FPNG and Argon-41 plume at 
different distances around MAPS was calculated. The external dose calculated for 1.6km fence post is  given in 
Table-3. 
2.3. Radiation Dose Calculation 
    The activity of Cs-137 and Sr-90 in air, water, cereals, vegetables, fish and milk was found to be very low and 
were comparable to the global fallout activity levels.  So internal dose due to Cs-137 and Sr-90 was not 
considered and calculated since these low level activities  were not due to MAPS release. The inhalation dose due 
to H-3 was calculated by taking the mean concentration of tritium in air in different zones (Bq/m3), average 
annual breathing volume of air by the local population (m3/y) and dose conversion factor of tritium (Sv/Bq). 
Dose due to the skin absorption of H-3 was calculated by assuming the skin absorption as 100% of breathing 
rate. Dose due to ingestion of water was calculated by taking the mean concentration of tritium in drinking 
water(Bq/l), average annual consumption of water by an individual (l/year), and dose conversion factor of tritium 
(Sv/Bq).  By summing the radiation doses obtained due to inhalation, skin absorption and ingestion the total 
internal dose due to H-3 was obtained. The external gamma dose(Sv/year) was computed using Gaussian plume 
model(GPM) by knowing the source term (FPNG & Ar-41) from MAPS stack release and site specific Triple 
Joint Frequency Distribution(TJFD) arrived from meteorological parameters such as wind speed, wind direction 
and stability class. Internal dose due to H-3 and external dose due to FPNG and Ar-41 thus calculated at 1.6km 
fence post are given in Table-3. 
3. Results and Discussion 
From the results  shown in Table-1, it is revealed that the Cs-137 and Sr-90 activity levels found in the 
environmental samples around Kalpakkam are comparable to the global fallout activity levels.  Hence dose due 
to Cs-137 and Sr-90 is negligible and not related to MAPS release. From the results shown in Table–2 the mean 
tritium concentration in air and water at fence post (1.6 Km) was taken for dose calculations. The internal dose 
obtained due to tritium in different years is given in Table -3.The computed external dose due to FPNG and Ar-
41 were calculated and also given in Table-3. It was found that Ar-41 contributes 97 to 98% of the total dose and 
mean internal dose due to tritium was  found to vary from 2 to 3% of the total dose. 
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Table.1.Activity of Cs-137 & Sr-90 in Environmental Samples around Kalpakkam 
  
-- Air -------- 
Drinking 
Water 
-------- Rice 
-------- 
------- Ragi 
------- ------ Milk ------- 
-----
Vegetables 
------- 
------ Fish -----
-- 
Cs-
137   
mBq 
m-3 
Sr-
90   
mBq 
m-3 
 Cs-
137   
mBq 
l-1 
  Sr-
90   
mBq 
l-1 
Cs-
137 
mBq 
kg-1 
Sr-
90 
mBq 
kg-1 
Cs-
137 
mB
q 
kg-1 
Sr-
90 
mBq 
kg-1 
  Cs-137 
mBq l-1 
Sr-90 
mBq l-1 
Cs-
137 
mBq 
kg-1 
Sr-
90   
mB
q 
kg-
1 
Cs-
137 
mBq 
kg-1 
Sr-90   
mBq 
kg-1 
No. of 
sample
s 78 74 672 652 416 407 65 64 250 249 662 
65
9 619 641 
No of 
sample
s BDL 
(Below 
Detecti
on 
Limit) 67 67 274 287 25 189 8 14 25 153 20 
22
5 164 590 
Range 
0.01 
- 1.4 
0.01 
- 
0.32 
1 - 10 
1 - 
10.6 
27 - 
1495 
27 - 
381 
27-
220
0 
27-
2200 23 - 660 23 - 169 
48 - 
3450 
48 
- 
21
00 
113-
2212 
113-
828 
MDL 
(Minim
um 
Detecti
on 
Limit) 
0.01 0.01 
1.0 1.0 27 27 27 27 23 23 48 48 113 113 
GM 
(Geom
etric 
Mean) 0.01 0.01 2.0 2.0 332 44 350 176 148 29 322 
10
2 191 110 
AM 
(Arith
metic 
mean) 0.02 0.02 2.1 2.7 430 54 700 342 195 32 466 
17
0 244 125 
95% 
Confid
ence 
Range 
0.01-
0.02  
0.01
-
0.03 
1.8-
2.2 
2.1-
3.3 
384-
496 
49-
60 
439
-
961 
200-
484 167-224 29 – 36 
395-
537 
14
9-
19
1 
212-
277 
109-
142 
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Table  2.  Activity of H-3 in Air & Water Samples around Kalpakkam 
 
 
 
 
 
 
 
 
 
 
Table 3. Environmental Radiation Dose due to MAPS Operation at Fence Post(1.6 Km) 
Year Internal Dose due 
to H-3 (μSv) 
External Dose due to 
FPNG and Ar-41 (μSv) 
Total Dose (μSv) 
1985 0.7 10.4 11.1 
1986 0.7 48.8 49.5 
1987 0.7 85.6 86.3 
1988 0.7 77.4 78.1 
1989 2.0 33.4 35.4 
1990 1.5 57.9 59.4 
1991 1.0 49.6 50.6 
1992 0.8 50.1 50.9 
1993 0.8 24.7 25.5 
1994 1.1 46.7 47.8 
1995 0.9 20.9 21.8 
1996 1.2 27.6 28.8 
1997 1.6 27.4 29.0 
1998 0.6 29.4 30.0 
1999 0.6 22.5 23.1 
2000 0.4 21.3 21.7 
2001 0.5 22.7 23.2 
2002 0.6 6.6 7.2 
2003 0.4 12.6 13.0 
2004 0.5 8.9 9.4 
2005 0.5 10.5 11.0 
2006 0.6 18.1 18.7 
2007 0.4 15.0 15.4 
2008 0.4 12.4 12.8 
2009 0.4 12.8 13.2 
Geometric Mean 0.70 23.98 24.79 
 
 
Description 
Air  Water 
   H-3        
Bq m-3 
  H-3          Bq 
l-1 
No. of samples 3390 4367 
No of samples BDL 2499 3296 
Range 0.2 - 140 31 - 245 
MDL 0.2 9 
GM 0.48 22 
AM 1.00 29 
95% Confidence Range 0.7-1.4 24-33 
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4. Conclusion 
    The results of the environmental radiological monitoring carried out at Kalpakkam for the last 25years (1985-
2009) revealed that the mean annual dose received by a hypothetical man staying at 1.6 km fence post is around 
24.79 μSv (0.025mSv) which is less than  the annual dose limit  of 1 mSv prescribed by Atomic Energy 
Regulatory Board (AERB) [2]. At farther places the radiation dose received decreases with increasing distance. 
The radiation dose received at fence post is about 2.5% of the AERB annual dose limit. Hence the impact due to 
operation of nuclear power reactors at Kalpakkam is negligible and insignificant  with respect to radio-toxic 
releases.  
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